e A Comparison of Regional

Agriculture

and Site-Specific
Volume Estimation Equations

Southeastern Forest Joe P. McClure
Experiment Station

Jana Anderson
Research Paper Hans T. Schreuder




May 1987

Southeastern Forest Experiment Station
P.O. Box 2680
Asheville, North Carolina 28802



A Comparison of Regional
and Site-Specific
Volume Estimation Equations

Joe P. McClure, Project Leader

Forest Inventory and Analysis
Southeastern Forest Experiment Station
Asheville, North Carolina

Jana Anderson, Statistician
Business School, Colorado State University
Fort Collins, Colorado

Hans T. Schreuder, Project Leader

Multiresource Inventory Techniques

Rocky Mountain Forest and Range Experiment Station
Fort Collins, Colorado







ABSTRACT

Regresslon equations for volume by region and site class were examined

for loblolly pine.

. The regressions for the Coastal Plain and Piedmont
regions had signiticantly different slopes.

The results shared Important

practical differénces In percentage of confidence {ntervals containing the
true total volume and In percentage of estimates wlthin a speciflic propor-
tion of the true total In a simulation study. Sampling from a modifie
Coastal Plain population with the same diameter distribution as the Piedmont
population and a modifled Piedmont population with the same diameter dis-
tribution as the Coastal Plain population shared that having the proper
diameter distribution did not improve predictions either In terms of con-

f ldence Intervals or In getting more estimates within a speciflied percentage

of true volume.

The regressions for site class populations had significantly different

s lopes.
s ites the samples were drawn from.
KEYWORDS: Mensuration, loblol iy pine,

The s imulation study shared that It mattered considerably which

practical differences, statistical

differences, weighted regression equations.

There 1is a belief in forestry that
trees of a given species require sepa-
rate volume tables for different sites
and regions of the country. This, de-
spite the fact that volume regression
equations of the type V = a + b D2H,
where V = volume and D2H = diameter at
breast height squared times height, tend
to give very similar-looking estimated
regression coefficients a and b for most
data sets of a given species and across
many species.

This Paper examines the gain assoc-
iated with population-specific equations
for merchantable cubic-foot volume inside
bark of loblolly pine (Pinus taeda L.)
by regions and sites. Data for the
study are from the Southeastern Forest
Experiment Station®s Forest Inventory
and Analysis (FIA) unit. Because the
sample sizes are very large, we expected
the difference in equations to be sta-
tistically significant. We therefore
also tried to assess the practical im-
portance of the differences.

Weighted simple [linear regressions
with assumed known weights k = 1.5 were

‘McClure, Joe P.; Schreuder, Hans T.; Wilson,
Rodney L. 1983. A comparison of several volume
table equations for loblolly pine and white oak.
Res. Pap. SE-240. Ashevi | le, NC: U.S. Department
of Agr icu 1ture, Forest Service, Southeastern
Forest Experiment Stat ion. 8 pp.

Weighted  regression
is similar to simple linear regression
but assumes an increase 1in variability
in the variable of interest (volume)
(measured by k) with an increase in the
independent variable (D2H), McClure and
others! estimated k to be 1.5 for large

used in all cases.

white oak (Quercus alba L.) and Iloblolly
pine data sets for the model:
V=g+pgDH+e (1)

where the mean value of e is O an the
variance of e is V,(e) = o2(DZH)",
where ¢¢ is the mean square residual.

The literature 1is unclear on the
need for separate equations for differ-
ent regions or even different species.
Gevorkiantz and Olsen’ developed com-
posite board-foot, cubic-foot, and
cordwood volume tables combining conifer
and hardwood species. The model used
for cubic-foot volume was the special
case of equation (1):

V = (0.42)“ DZH

144(4)

2gevorkiantz, S.R.; Olsen, L.P. 1955. Composite
volume tables for timber and their appl fcation
In the Lake States. Tech. Bull. 1104. Washing-
ton, DC: U.S. Department of Agriculture. 51 pp.



with D in inches and H in feet. The au-
thors concluded that these tables were
adequate for large tracts generally and
for small tracts for reconnaissance sur-
veys or for timber of low value. They
also pointed out that the definition of
a good model 1is highly subjective.

Van Deusen and others3 compared
volume equations for old-field loblolly
pine plantations for 702 trees from the
Georgia Piedmont; 300 trees from Ala-
bama, Arkansas, and Mississippi Gulf
Coastal Plains; 378 trees from the Pied-
mont and Coastal Plain of Virginia, Del-
aware, Maryland, and North Carolina; and
340 trees from the Tennessee, Alabama,
and Georgia highlands. They used the
combined variable equation

V=a+bD2H

based on model (1) with k = 2. They
eliminated the influence of diameter
distribution on the equation comparison
by using the Mississippi diameter dis-
tribution as a model and modifying the
other data sets to yield the same
diameter distribution. They found
statistically significant differences
(at the 0.05 level) in outside-bark
volume equations and attribute them to
differences in measurement technique.
The question of practical significance
remained.

Methods"

In our analyses, we addressed the
subject of practical significance. If
a population-specific equation does not

have to be used, inventory costs can be
reduced because tree volumes generally
do not have to be measured separately by
region. Our criteria for determining
the practical importance of differences
in models were:

3’Van Deusen, Paul C.; Sul livan, Alfred D,;
Matney, Thomas G. 1981. A prediction system for
cubic foot volume of |loblol ly pine applicable
'rhrough much of Its range. Southern Journal of
Appl led Forestry 5(4) : 186-189.

1. The relative proportions of 95-
percent confidence intervals containing
the total volume of a population (region
or site class) for samples from that
population (say Coastal Plain) or a dif-
ferent population (say Piedmont).

2. Relative proportions of regres-
sion estimates that are within a set
percentage (1, 2, 3, 4, and 5 percent)
of the total volume for a population
(region or site class) for samples from
that population or a different but sim-
ilar population.

Data Sets

The loblolly-tree-volume data base
described by McClure and others! was used
as a starting point in our study. Total
volume in cubic feet, total height in
feet, and diameter in inches were meas-
ured. These trees were selected to en-
sure a large sample of trees over the
range of volumes and D2H values. Num-
bers of trees by size and site class,
therefore, are not representative of the
populations of interest, which are the
actual loblolly pine populations in the
Southeast. Since there were only 75
trees in the mountain region and 55 in
site class 5, the comparisons were lim-
ited to the Piedmont (P) and Coastal
Plain (C) regions and productive sites
(Sy.5) and unproductive sites (S;.5).*
Estimates of 2-inch diameter distri-
butions for these two regions and two
site classes are available from the very
large permanent-plot data base main-
tained by the Southeastern Forest Exper-
iment Station FIA unit. One-inch diam-
eter class frequencies were obtained by
interpolation. The tree-volume data
base was then modified by random addi-
tion and subtraction of trees in the
proper diameter classes to yield data
sets with about the same diameter fre-
guencies as the interpolated estimates.

4Production classes are based on cubic feet of
yield for ful ly stocked natural stands at culiml=-
natlon of mean annual Increment. Sites 1 to 3 are
those growing more than 85 c¢uble feet, site 4
those with 50 to 85 cubic feet, and site 5 those
w ith 20 to 50 cublc feet per acre per year.



The resulting four large samples (two
regions and two site classes) were
treated as populations for purposes of
this study, and two new data sets, P* and
C*, were generated. P* consisted of
Piedmont trees with the same diameter
distribution as the Coastal Plain, and

C* of Coastal Plain trees with the same
diameter distribution as the Piedmont
population.

Results

Regional and site class comparisons
will be discussed separately. For each
region or site class, the prediction
equation

A

V =N (a + b DZH)

was used, where N 1is total number of
trees and DZH is the mean for the popu-
lation (region or site) and a and b are
regression coefficients estimated from
the sample drawn.

Regional  Comparisons

Coastal Plain (C) and Piedmont (P)
populations consisted of 1,801 and 1,800
trees, respectively. Skewness (bl) and
kurtosis (/5‘)'for volume are b; = 3.1
and/s;—l46forc by = 5.5 and /b, =
61.9 for P, by = 3.7 and /b2 = 22.6 for
C*, and by = 5.2 and /b, = 46.4 for P*.
These values show that the populations
are highly skewed; there are many trees
with small and few with large volumes.

There were two analyses: one for

statistical significance and one for
practical utility. The first question
was whether the weighted regression
equations with known weights k = 1.5
for the two regions,

Vo = -0.734 + 0.00213 D2H (2)

with 1,801 trees and mean square error =
0.00001 and

-0.769 + 0.00208 D2H (3)

with 1,800 trees and mean square error =
0.00001 are significantly different

or can be combined into one general
equation

Vg = -0.764 + 0.00211 D2H (4)

with 3,601 trees and mean square error =

0. 00001

Because of the large sample sizes

involved, the regression equations are
significantly  different. The 95-percent
confidence interval constructed around

the difference between the slopes of the

two regional regressions 1is the interval
(0.00002316, 0.00008105) which does not
contain 0. The regression equations

appear to be very similar, and the ques-
tion of practical importance of differ-
ences remained.

The weighted Coastal Plain regres-
sion equation based on C* is

Ve = -0.688 + 0.00211 DzH (5)

with 1,800 trees and mean square error =

0.00001. The Piedmont equation based
on P* is
Vpx = -0.734 + 0.00206 D2H (6)

with 1,801 trees and mean sguare error =

0. 00001

The second question is: how well
do the regional regression equations
predict total volume for each region?

Because the test is limited to
regression models, average D2H per tree
and number of trees N in the region for
which predictions were being made were
assumed known and used 1in both equa-
tions. One thousand samples of sizes
20, 40, 60, and 80 were drawn at random
from each region. Total volume of the
region was predicted for each sample by
computing the regression coefficients
for each sampfie and combining this with
known N and H for the region. The
proportion of 95-percent sample confi-
dence [limits containing the actual total
volume for the region was computed along
with the percentage of volume estimates
within 1, 2, 3, 4, and 5 percent of the
actual total volume.



The confidence interval results are
shown in table 1. Samplings from either
C or C* are better in predicting volume
for C then sampling from P or P*. When
P or P* is used rather than C, there is
a loss from 15.4 to 16.9 percent for
samples of size 20, and from 53.6 to
56.0 percent for samples of size 80.
Whether P or P* is used seems to make
little difference. Using C* rather than
C actually improves confidence interval
estimation when predicting volume for C.

When predicting total volume for P,
using C or C* results in slightly poorer
confidence intervals than using P or P*.
The loss ranges from 2.3 to 2.4 percent
for samples of size 20 and from 5.7 to
8.5 percent for samples of size 80.

There seems to be a slight edge in using
P* rather than P when predicting P
volume.

The percentages of time that the
estimated volume is within 1, 2, 3, 4,
and 5 percent of true volume for the
predicted region are shown in table 2
for n=20 and n = 40 and in table 3 for
n =60 and n = 80. Using samples for C*
rather than C to predict volume for C
gives inconsistent results. For n = 20
and n = 60, sampling C* is somewhat less

successful and for n = 40 and n # 80
somewhat more successful than sampling C.
Sampling from P* 1in predicting volume

for C is quite unsuccessful relative to
sampling C or C*. Sampling from P* 1is
only slightly better than sampling from
P. Having a population with the same

diameter distribution as the population
being sampled results in only slightly
improved estimates.

When predicting volume of P, samp-
ling from P* rather than from P results
in higher percentages of times that the
estimated volume 1is within 1, 2, 3, 4,
or 5 percent of the true volume even
though P* has a different diameter dis-
tribution than P. Sampling from C or C*
is clearly worse than sampling from
either P or P*. There is little differ-
ence in the results from C or C¥, even
through C* has the same diameter dis-
tribution as P.

Site Comparisons

For site class comparisons, there
were 1,798 trees in sites 1-3 (Sy-3) and
1,401 trees in sites 4-5 (S4.5). Skew-
ness (By) and kurtosis (/b;) for volume
are b, = 4.79 and vby =_40.47 for S,_s
and by = 2.91 and vb; = 14,83 for S,_s.

Table 1.--Proportion of confidence intervals containing actual total volume for

a region for samples of sizes 20, 40, 60,

and 80 from each region and percentage

loss in this proportion resulting from sampling in the other region. Each value

is based on 1,000 iterations.

Population Region C Region P

sampled n= n= n= n= 30 n= n=40 n=60 n=
PROPORT ION

C 0.902  0.897 0.900 0.893 0.878  0.827  0.801  0.733

P

c* 0.926% 16 1w 0% (0 04005 A/ T L 1/

p* 0.763  0.624  0.493  0.393 0.896 0.871 0.878  0.872

Other region 16.9 0.0 45.0 53.
C* 0.0 30.4 0.0 0.
p* 15.4 45,2 56.

oo o

PEKCENTAGE  LOSS

(=2 SN V)
w e w
.

21f sampling from the other region yields a better result, the percentage loss

is set at 0.0 percent.



Table 2 .--Percentage of

regression estimates that are within

1, 2,

3! 4’

and 5 percent of true total volume for

a region and the relative success rates for samples of sizes 20 and 40 drawn from regions C, C*, P, and P*

Region Percent Region sampled (n=20) Success rate Region sampled (n=40) Success rate
predicted deviation
for-- allowed C C* P px c* R® p C C* px C* R? p*
--------------------- Percent - - = = = = = = = = - - 0 = 2 - oo -

Coastal 1 19.8 185 11.2 9.5 93.4 56.6 48.0 23.5 27.5 10.8 10.4 100.0 46.0 44.3

Plain 2 37.3 355 23.5 19.7 95.2 63.0 52.8 46.3 52.3 20.3 23.3 100.0 43.8 50.3
3 53.8 525 34.0 33.9 97.6 63.2 63.0 66.4 72.5 32.3 38.0 100.0 48.6 57.2
4 67.8 664 45.0 48.2 97.9 66.4 71.1 81.1 83.5 45.4 52.8 100.0 56.0 65.1
5 772 778 56.6 60.7 100.0 73.3 78.6 90.1 91.7 58.5 67.0 100.0 ©64.9 74.4

Piedmont 1 17.4 16.0 20.2 21.1 86.1 79.2 100.0 22.2 21.3 24.0 26.2 88.7 92.5 100.0
2 35.6 32.7 38.8 40.1 91.8 84.3 100.0 41.6 40.7 45.5 49.3 895 91.4 100.0
3 495 47.3 53.2 54.8 93.0 88.9 100.0 59.9 58.8 64.1 68.0 91.7 93.4 100.0
4 63.1 60.1 66.7 69.4 94.6 90.1 100.0 74.3 74.0 76.6 82.4 96.6 97.0 100.0
5 73.1 717 75.7 79.6 96.6 94.7 100.0 84.0 83.5 86.3 91.7 96.8 97.3 100.0

2Ratio of successful
percent.

predictions

in the

unsampled region to successful

predictions

in the sampled region

in



Table 3.--Percentage of regression estimates that are within 1, 2, 3, 4, and 5 percen
a region and the relative success rates for samples of sizes 60 and 80 drawn from reg

Region Percent Region sampled (n=60) Success rate Region sampled
predicted deviation
for-- allowed C C* P px c* R® px C C* P
--------------------- Percent = =« a « = = =
Coastal ! 35.1 31.5 6.6 8.6 89.7 18.8 24.5 37.3 36.6 6.0
Plain 2 62.2 59.1 17.6 20.4 95.0 28.3 32.8 66.4 64.4 16.3
3 80.3 77.5 30.3 35.0 96.5 37.7 43.6 84.4 85.9 30.9
4 90.7 89.5 45.7 54.5 98.7 50.4 60.1 93.6 94.2 48.9
5 96.5 95.5 64.2 72.0 99.0 66.5 74.6 97.6 98.1 67.1
Piedmont 1 23.3 23.3 27.0 31.0 86.3 86.3 100.0 21.6 22.0 27.0
2 46.8 45.1 50.4 57.5 92.9 89.5 100.0 43.3 44.5 50.6
3 65.2 66.9 68.9 78.6 94.6 97.1 100.0 64.6 66.4 69.5
4 80.1 81.0 82.0 91.1 97.7 98.8 100.0 81.9 82.4 83.7
5 88.5 90.7 89.6 97.0 98.8 100.0 100.0 92.0 91.4 92.8

®Ratio of successful predictions in the unsampled region to successful predictions in
percent.



Equations S,_s were compared with
equations §,_5 in the same way as those
for regions were compared. The better
sites, S,_S, were combined because sample
sizes for the individual sites were
inadequate.  The site equations are:

Vs, 5 = -0.791 + 0.00214 D2H (7)

with 1,798 trees and mean square error =
0.00001

Vs4_5 = -0.191 + 0.00217 D?H (8)

with 1,401 trees and mean square error =
0.00001

A general weighted regression for
all trees is
vS = -0.539 + 0.002160 D2H (9)

with 3,199 trees and mean square error =
0.00001.

The regression equations of S;_3
and S,_g are significantly different
because the 95-percent confidence inter-
vals constructed around the difference
of the slopes of the two regional re-
gressions is the interval (-0.00005917,
-0.00000172) which does not include O.

Because the test is limited to re-
gression models, average D2H per tree
and number of trees N in the site class
for which predictions were being made
were assumed known and used in all pre-
diction equations. One thousand samples
of sjzes 20, 40, 60, and 80 were drawn
at random from each site class. Total
volume of each site class was predicted
for each sample by computing the regres-
sion coefficients and combining this
with N and JZH for each site class. The
percentages of 95-percent sample confi-
dence limits containing the actual total
volume for each site class were computed
along with the percentages of volume
estimates within 1, 2, 3, 4, and 5 per-
cent of the actual total volume.

Table 4 shows that there is a loss
in sampling the wrong site class in
terms of percentage of confidence
vals containing the true total

inter-
volume.

The loss increases with increase in sam-
ple size, going from 24.6 to 83.6 per-
cent for n = 20 to n = 80 when sampling
for Sy.5 and from 17.8 to 65.6 percent for
n =20 to n =80 when sampling for §,_s.

The percentages of times that the
estimated volume is within 1, 2, 3, 4,
and 5 percent of true volume for the
predicted site are shown in table 5 for
n =20, n=40, n=60, and n = 80. Itis
clearly critical to use the regression
from the correct site class to predict
total volume. Predicting for S,.; with
the regressions from §S,_. results in
success rates of 53.4 percent or less
for n = 20 to 37.8 percent or less for
n = 80 with the 1,2, 3, 4, and 5-percent
deviations allowed relative to the suc-
cess rate for S$,_; regressions. Simi-
larly, predicting for §,_5 with regres-
sions from S,,, results has success
rates of 75.4 percent or less for n = 20
to 65.9 percent or less for n = 80
relative to the success rate for S4_5
regressions.

Conclusions

Although the results are subjective
because the practical utility criterion
used differs between practitioners, firm
conclusions can be drawn. A consider-
able price is paid by sampling from the
other regions even when population size
and average DZH are known for a popula-
tion.  Although regression equations

for regions seemed to differ very Ilit-
tle, they had significantly different
slopes that vyielded differences of prac-
tical importance. Percentage of confi-
dence intervals containing the parameter
of interest and percentage of estimates
close to this parameter were consider-
ably better when samples were drawn from
the proper region. Having the proper
diameter distribution did not help when
drawing samples from the other region.

For site class populations, the
regressions were significantly differ-
ent and there was considerable differ-
ence in terms of percentage of confi-
dence intervals containing the parameter
of interest and percentage of estimates
close to this parameter.



Table 4.--Percentage of confidence intervals containing actual total volume for
a site for samples of sizes 20, 40, 60, and 80 from each site and percentage
loss in this proportion resulting from sampling the other site class. Each
value is based on 1,000 iterations.

Site class Predictions

sampled from-- Sites 1-3 Sites 4-5
n =20 n=140 n= 20 n =40 n =60 n =80

D
o
>
H
o)
o
>
1

PROPORTION

Sites 1-3

equation 0.907 0.892  0.902  0.885 0.735 0.564  0.421 0. 306
Sites 4-5

equation 0. 684 0. 452 0. 268 0. 145 0. 894 0.921 0. 907 0.890

PERCENTAGE  LOSS

Loss from

sampling

other site

class 24.6 49.3 70.3 83.6 17.8 38.8 53.6 65. 6




Table 5.--Percentage of regression estimates that are within 1, 2, 3, 4, and 5 percent of true total volume for
a region for samples of sizes 20, 40, 60, and 80 drawn from two site classes

n =20 n =40 n =60 n =80
Sites Percent Site sampled from-- Site sampled from-- Site sampled from-- Site sampled from--
predicted deviation Success Success Success Success
for-- allowed S,_s5 S,.s rate® S,_5 S,.5 rate® S,_5 S,.s rate® S,_5 S,.s rate’
Si-3 1 194 5.4 27.8 27.6 4.4 15.9 34.7 29 8.4 40.8 0.9 2.2
2 39.8 145 36.4 52.7 105 19.9 60.3 5.8 9.6 70.1 3.3 4.7
3 57.0 243 42.6 72.7 18.9 26.0 80.8 12.8 15.8 85.3 8.1 9.5
4 70.1 335 47.8 85.1 30.1 35.4 92.8 235 25.3 946 19.4 20.5
5 80.1 42.8 53.4 93.1 43.0 46.2 96.9 39.6 40.9 98.6 7.3 37 .
S4-5 1 10.3 18.9 54.5 8.9 27.9 31.9 5.9 304 19.4 4.3 34.8 12.4
2 225 374 60.2 19.8 50.7 39.1 15.2 59.2 25.7 13.0 64.2 20.2
3 343 53.1 64.6 324 709 45.7 29.6 78.5 37.7 253 821 30.8
4 47.1 66.5 70.8 46.6 83.5 55.8 46.1 90.9 50.7 446 93.3 47.8
5 57.7 76.5 75.4 61.4 92.6 66.3 64.6 96.9 66.7 64.4 97.7 65.9

"Ratio of successful predictions of the other site class to successful predictions of the correct site class
population 1in percent.
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